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SUMMARY 



Aerodynamic force tests of an N.A.C.A. 23018 airfoil 
with a Gwinn flap having a chord 25 percent of the over- 
all chord and of an N.A.C.A. 23015 airfoil with a plain 
flap having a 25-percent chord were conducted in the 
N.A.C.A. 7- "by 10-foot wind tunnel to determine the rela- 
tive merits of the Gwinn and the plain flaps. 

The tests indicated that, "based on speed-range ra- 
tios, the plain flap was more effective than the Gwinn 
flap. At small flap deflections, the plain flap had the 
lower drag coefficients vat lift-coefficient values less 
than 0.70. For lift coefficients greater than 0.70, how- 
ever, the Grwinn flap at all downward flap deflections had 
the lower drag coefficients. 



INTRODUCTION 



Improvement in airplane performance has depended 
somewhat on the development and the use of high-lift de- 
vices. As an aid to designers, the N.A.C.A. has conducted 
many experimental investigations of various types of flap 
and has reported the effects of these different flaps on 
high or low drag at high lift ( glido-i ath control), low 
drag in the cruising-speed condition, and high lift and 
low drag at the take-off. 

The present investigation, conducted in the N.A.C.A. 
7- by 10-foot wind tunnel, was of a high-lift device 
identified as the Gwinn flap and included for comparison 
the tests of a plain flap. The Gwinn flap is essentially 
a flat plate mounted at a point very near the trailing 
edge of the wing. In its neutral position, the flap ex- 
tends past the trailing edge of the wing, thereby resulting 
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in an increased over-all chord and wing area. In some 
respects the Gwinn flap is similar to the plain flap. 
Both flaps deflect upward or downv/ard so that either of 
them may he used as a high-lift device and also as an 
aileron. 

The principal purpose of this investigation v/as to 
determine the relative merits of the Gwinn and the ordi- 
nary plain flaps as high-lift dovicos. Previous tests 
(reference 1) have been conducted on airfoils with plain 
flaps; the models used, however, were not comparable with 
the Gwinn flap model used in this investigation. The 
models of the airfoils with the Gwinn and the plain flaps 
used in these tests had the same over-all chord, span, 
aspect ratio, and approximate maximum thickness. 



APPABATUS A ill) TESTS 
Models 



Two airfoil models were tested: An 8-inch-chor.d 
I'.A.C.A. 23018 airfoil section with a Gwinn flap having 
a chord 25 percent of the over-all chord (jf ig« l) and a 
10-inch-chord 1T.A.C.A. 23015 airfoil section with a plain 
flap having a 25-percent chord (fig. 2). Each model has 
a span of 60 inches and an over-all chord of 10 inches. 
The maximum thickness of the model with the Gwinn flap, 
based on over-all chord, is 14.4 percent of the chord and, 
of the model with the plain flap, 15 percent. Both air- 
foils and the plain flap are made of laminated beech; the 
Gwinn flap is made of aluminum. In order to mount the 
Gwinn flap, 5 percent of the over-all chord was removed 
from the trailing edge of the IT.A.C.A. 23018 airfoil sec- 
tion. The flaps are arranged to move up or down about 
their respective hinge axes or to lock rigidly in a given 
position. Flap deflections were measured with respect to 
.the airfoil chord line, and all gaps between the airfoils 
and the flaps were sealed with plasticine to prevent air 
leakage • 

Wind Tunnel and Balance 

The tests were made in the. IT, A . C . A . 7- by 10-foot 
tunnel, which has a closed throat and return passage • The 
tunnel and the regular S-compcnent balance are described 
in references 2 and 3. 
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Tests 



Test conditions .- The dynamic pressure was maintained 
constant throughout the tests at 16.37 pounds per square 
foot, corresponding to an air speed of about 80 miles per 
hour at standard sea-level conditions. The average test 
Reynolds Number was 609,000, based on the air speed and 
the 10-inch airfoil chord. 

Test procedure .- Tare tests were conducted to deter- 
mine the effects of the model-supporting strut on the lift, 
the drag, and the pitching moments of the two airfoils and 
flaps . 

The main portion of the investigation consisted in 
determinations of lift, drag, and pitching moments for 



flap deflections of -10°, -5°, -2°, 0°, 2° t 5°, 10°, 15° , 
30°, 45°, 60°, and 79° throughout an angle-of-at tack range 
from -12° to beyond the stall for each of the airfoils. 



The test results are given in the form of standard 
absolute coefficients of lift, drag, and pitching moment. 



RESULTS 



Coef f ic ient s 




lift 



as 



d rag 
qS 
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( a . c . ) Q 



pitching moment about aerodynamic center of 
airfoil with flap neutral 



qc S 



L 



lift 



D 



drag 



where 
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S wing area. 

c over-all chord of wing and flap. 

q dynamic, pressure. 

and a angle of attack. 

5f flap deflection (downward deflection is positive) 

All coefficients were Obtained directly from the "bal- 
ance and refer to the wind (or tunnel) axes. 

Corrected test results .- The data were corrected for 
tunnel effects to aspect ratio 6 in free air. The standard 
jet-boundary corrections were applied. (See reference 4.) 
In addition, corrections were applied for the effects of 
the supporting strut on the aerodynamic coefficients of the 
models as indicated "by the tare tests t 

The corrected test results are presented in figures 

5 to 6 as plots of lift, drag, and pit ching-momen t coeffi- 
cients and lift-drag ratio against angle of attack. 



DISCUSSION 
Grwinn Flap 



The lift and the drag coefficients for the airfoil 
with the Grwinn flap are plotted against angle of attack 
for the different flap deflections in figure 3. The 
pit ching-moment coefficients and the lift-drag ratios for 
the same conditions are plotted in figure 4. Figure 3 
indicates that C L varied regularly with flap deflection 

except when the flap was deflected 30°. The irregular 
curve for the 30° flap deflection may he a characteristic 
of the airf o il-and-f lap combination, or it may "be attrib- 
uted to scale effect. The maximum value of C L occurred 
at Sf = 60° (fig. 3(h)), and the maximum value of L/D 
was 18.6 at 8j s 0° (fig. 4(a)). The variation of 

Cr, , N with flap deflection was uniform; the upward 
m ( a . c . ) o 

deflections of the flap tended to give stalling moments, 
and the downward deflections gave diving moments. 
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Plain Flap 

The lift and the drag coefficients for the airfoil 
ffith the plain flap are plotted against angle of attack 
for the different flap deflections in figure 5. The 
pitching-moment coefficients and the lift-drag ratios are 
plotted in figure 6. As in the case of the Gwinn flap, 
the C L curve for the plain flap deflected 30° is irreg- 
ular, which may be attributed to the flow characteristics 
and the scale of the tests. The maximum value of C L . 
occurred at 5f = 60° (fig. 5(b)), and the maximum value 
of L/D was 19.4 at Bf - 0° (fig. 6(a)). 

Comparison of Gwim: and Plain Flaps 

Envelope polar curves of Cg plotted against 
for the airfo ils ■ with the Gwinn and the plain flaps at 
the different values of 5 f are given in figure 7. These 
curves indicate that, for values of Cj, from -0.15 to 
0.66 (which covers the high-speed and the cruising-speed 
ranges) the plain flap had the lower drag. The minimum 
value of for the airfoil with the plain flap, 0.0095, 

occurred at Sf = 0° and, for the airfoil with the Gwinn 
flap, the minimum value was 0.0107 at Sf = -2°. (See also 
figs. 3(a) and 5(a).) Only a slight difference existed be- 
tween the drag characteristics of the Gwinn flap at 5f = 
-2° and ■ 6f = 0°. The maximum lift coefficient c L nax 
of the Gwinn flap at 5 f = 60° was 2.03 and, of the plain 
flap at the same flap deflection, was 2.00. (See fig. 8.) 

The effect of flap deflection on C D at different 
values of C L is shown in figure 9. The plain flap has 
lower drag coefficients for values of Cl through 0.70 
in the f lap-def le c t i cn range of -10° to 5°. At C L = 1.00, 
the Gwinn flap had the lower drag coefficient. 

Further comparisons are given in the following* table 
for the conditions of flaps neutral and deflected 60°. ^ The 
comparison includes the increment of maximum lift coeffi- 
cient due to flap deflection AC L , the speed-range 

-"max 

ratio C T / , and the glide path, indicated by 

^max / ^min 

L/D at C Lnax . 
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145 
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5.1 

4.8 



at C L = 0.20. 

^min 



From this table it is observed that, although the 
Gwinn flap both neutral or deflected 60° has slightly- 
higher values of C T , the increment of Ct caused 

^max -"max 

by deflecting the flap is greater for the plain flap. The 
comparison also indicates that the plain flap has the 
higher sjpeed-range ratio whether the flap is neutral or de- 
flected 60° and whether C-n . is taken at 8* = 0° or 

mm 

at C]^ = 0.20. A comparison of the values of L/D at 

C Ti shows that a steeper gliding angle could be obtained 

^max 

wi*th the plain flap deflected 60° than with the Gwinn flap 
at the same deflection. 

CONCLUDING REMARKS 



The results of this investigation of an N.A.C.A. 23013 
airfoil with a Gwinn flap having a chord 25 percent of the 
over-all chord and of an N.A.C.A. 23015 airfoil with a plain 
flap having a 25-percent chord indicated that, from a con- 
sideration of speed-range ratio, the plain flap was more 
effective than the Gwinn flap, 

A comparison of the two types of flap at small flap 
deflections showed that, for values of the lift coefficient 
of 0.70 or less, the plain flap had the lower drag coeffi- 
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cient. At all downward flap deflections, however, the 
Owlnn flap had the lower drag coefficient at lift coef- 
ficients greater than 0.70, 



Langl ey Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , April 4, 1940. 
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Figs. 1,2 




= 1 00.00 C 



Figure Gwtnn flap on the rectangular N.A.C.A. 23018 airfoil. 




Figure 2.- Plain flap on the rectangular N.A.C.A. 23015 airfoil. 
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Fig. 3 




Angle of attack, cC , deg 
(a) Small flap deflections. (b) Large flap deflections. 

Figure 3.- Lift and drag coefficients of the rectangular N.A.C.A. 23018 airfoil with 0.25c Gwinn flap. 
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Fig. 4 
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(a) Small flap deflections. 



(b) Large flap deflections. 



Figure 4.- Pitching-moment coefficients and lift-drag ratios of the rectangular N.A.C.A. 23018 airfoil 
with 0.25c Gwinn flap. 
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Fig. 5 




-12 -8 -4 0 4 6 12 (6 20 -(2 -6 -4 0 4 6 /2 (6 

Angle of attack, cL , deg 

(a) Small flap deflections. (b) Large flap deflections. 

Figure 5.- Lift and drag coefficients of the rectangular N.A.C.A. 23015 airfoil with 0.25c plain flap. 
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Fig. 6 
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(a) Small flap deflections. 



16 20 -12 -8 -4 
Angle of attack, cL , deg 



4 8/2/6 
(b) Large flap deflections. 



Figure 6.- Pitching-moment coefficients and lift-drag ratios of the rectangular N.A.C.A. 23015 airfoil 
with 0.25c plain flap. 
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Flap deflection, 6, . deg 

Figure 8.- Effect of flap deflection on maximum lift coef- 
ficient. The 0.25c Gwinn flap on the N.A.C.A. 25018 airfoil 
and the 0.25c plain flap on the N.A.C.A. 23015 airfoil. 




° ~'° 0 tO 20 30 40 50 60 70 
Flap deflection, 6, , deg 
Figure 9.- Effect of flap deflection on drag coefficients 
at different lift coefficients. The 0.25c Gwinn flap on the 

m ll°rJ> 9 alrf0il and the °' 25c P lain fla P on ^e 
N.A.C.A. 23015 airfoil. 
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